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A projection exposure apparatus includes a 
projection lens system for projecting an image 
of a pattern of an original on a substrate having 
a photosensitive layer, by using a sensitizing 
beam ; a first detection optical system for de- 
tecting a mark of the substrate through the 
projection lens system and with a first non- 
sensitizing beam, the first detection optical sys- 
tem producing first information related to the 
position of the mark ; a second detection opti- 
cal system for detecting the mark of the sub- 
strate without the projection lens system and 
with a second non-sensitizing beam having a 
bandwidth broader than that of the first non- 
sensitizing beam, the second detection optical 
system producing second information related 
to the position of the mark ; and a detector for 
detecting an error included in the first infor- 
mation, by using the first and second infor- 
mation. 
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FIELD OF THE INVENTION AND RELATED ART 

This invention relates to a projection exposure 
apparatus and, more particularly, to a semiconductor 
device manufacturing projection exposure apparatus, 
called a "stepper*, for use in manufacture of semicon- 
ductor devices wherein an image of a circuit pattern 
is projected by a projection lens system onto pattern 
regions of a wafer sequentially to thereby print the cir- 
cuit pattern on the pattern regions of the wafer. 

In a stepper, in order that an image of a circuit pat- 
tern of a reticle is projected on each pattern region of 
a wafer through a reduction projection lens system se- 
quentially to thereby transfer (print) the image of the 
circuit pattern on each pattern region, it is necessary 
to accurately align each pattern region of the wafer 
with the reticle. 

For this sake, the stepper is provided with an 
alignment scope for detecting alignment marks of a 
wafer to obtain positional information related to these 
marks and, on the basis of the positional information 
related to the alignment marks and obtained through 
the alignment scope, the position of the wafer with re- 
spect to the reticle is detected precisely such that 
each pattern region of the wafer can be aligned accu- 
rately with the reticle. 

An example of such alignment scope is a TTL - 
(through-the-lens) on-axis alignment scope. This 
serves to form an image of an alignment mark of a re- 
tide and an image of an alignment mark of a wafer, 
projected reversely on the reticle through the projec- 
tion lens system, upon an image pickup device. On 
the basis of the positional relationship between these 
images of the alignment marks formed on the image 
pickup device, the position of the wafer with respect 
to the reticle can be determined. 

The system using this alignment scope is advan- 
tageous because the positional relationship between 
the alignment marks of the reticle and the wafer can 
be observed directly. However, for the imaging of the 
alignment pattern of the wafer, it uses the same sen- 
sitizing light as used for the transfer of the circuit pat- 
tern image. Therefore, inconveniently there is a diffi- 
culty in enhancing the contrast of the image of the 
alignment mark, due to absorption of light by a resist 
of the wafer. 

Another example of alignment scope is an off- 
axis alignment scope disposed aside a projection lens 
system. It has an optical axis set at a position spaced 
from the optical axis of the projection lens system by 
a predetermined distance (base length), and it serves 
to form an image of an alignment mark of a wafer on 
an image pickup device, through its objective lens and 
with use of non-sensitizing light. Thus, there does not 
occur absorption of light by a resist (which is a prob- 
lem in the TTL on-axis alignment scope), and it is pos- 
sible to enhance the contrast of the alignment mark 
image. 



Since however this type of alignment scope indir- 
ectly detects the position of the alignment mark of the 
wafer with respect to the reticle which is positioned 
with respect to the major assembly of the exposure 
5 apparatus, essentially there is a difficulty in enhancing 
the precision. Also, the distance between the projec- 
tion lens system and the alignment scope is large, 
such that a change with time in the distance (base 
length) between the optical axes of the projection lens 
10 system and the alignment scope has a large effect on 
the position detection. Thus, the stability of precision 
of the position detection is low. 

An improved alignment scope by which the incon- 
veniences of the TTL on-axis alignment scope and the 
is off-axis alignment scope can be alleviated, has been 
proposed. This is a "TTL non-axis alignment scope" 
wherein an image of an alignment mark of a wafer is 
reversely projected on an image pickup device 
through a projection lens system and with non-sensi- 
20 tizing light. 

Since in the system using such alignment scope 
an alignment mark is imaged by using non-sensitizing 
light, there does not occur large absorption of light by 
a resist (which is a problem in the TTL on-axis align- 
25 ment scope). Also, since it is possible to set the optical 
axis of the alignment scope closer to the optical axis 
of the projection lens system, as compared with the 
case of the off-axis alignment scope, a change with 
time in the distance (base length) between the optical 
30 axes of the projection lens system and the alignment 
scope does not cause large deterioration of the pre- 
cision of position detection as compared with the case 
of the off-axis alignment scope. 

However, in the system using such TTL non-axis 
35 alignment scope, in order to reduce the effect of chro- 
matic aberration of the projection lens system, there 
is a necessity of using non-sensitizing light of narrow 
bandwidth, similar to monochromatic light. This caus- 
es interference of lights reflected by top and bottom 
40 surfaces of a resist, covering an alignment mark of a 
wafer. Such interference in turn causes deterioration 
of the quality of the image of the alignment mark, and 
an error of detecting the position of the alignment 
mark results. 

45 In order to avoid such error in the position detec- 

tion when a TTL non-axis alignment scope is used, it 
is necessary to use non-sensitizing light of broad 
bandwidth and to use a chromatic aberration correct- 
ing optical system of improved performance, for the 

so projection lens system. However, such a chromatic 
aberration correcting optical system is very expensive 
and, also, it is not easy to remove residual aberration 
sufficiently. 

55 SUM MARY OF THE INVENTION 

It is an object of the present invention to avoid the 
above-described inconveniences involved in a pro- 
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jection exposure apparatus. 

Thus, in accordance with a first aspect of the 
present invention, there is provided a projection ex- 
posure apparatus, comprising: a projection lens sys- 
tem for projecting an image of a pattern of an original 
on a substrate having a photosensitive layer, by using 
a sensitizing beam; a first detection optical system for 
detecting a mark of the substrate through said projec- 
tion lens system and with a first non-sensitizing beam, 
said first detection optical system producing first infor- 
mation related to the position of the mark; a second 
detection optical system for detecting the mark of the 
substrate without said projection lens system and with 
a second non-sensitizing beam having a bandwidth 
broader than that of the first non-sensitizing beam, 
said second detection optical system producing sec- 
ond information related to the position of the mark; 
and means for detecting an error included in the first 
information, by using the first and second information. 

In accordance with a second aspect of the pres- 
ent invention, there is provided a projection exposure 
apparatus, comprising: holding means for holding a 
substrate having a photosensitive layer, said holding 
means having a portion on which a reference pattern 
is formed or to be formed; a projection lens system for 
projecting an image of a pattern of an original on the 
substrate, by using a sensitizing beam; driving means 
for moving said holding means along an image plane 
of said projection lens system; measuring means for 
measuring the amount of movement of said holding 
means along the image plane; a first detection optical 
system for detecting a mark of the substrate and the 
reference pattern, through said projection lens system 
and with a first non-sensitizing beam; a second detec- 
tion optical system for detecting the mark of the sub- 
strate and the reference pattern, without said projec- 
tion lens system and with a second non-sensitizing 
beam having a bandwidth broader than that of the first 
non-sensitizing beam; and control means for control- 
ling the position of said holding means by using said 
measuring means and said driving means to allow de- 
tection of the mark and the reference pattern through 
said first and second detection optical systems, 
wherein said control means produces first distance in- 
formation representing the distance between optical 
axes of said first and second detection optical sys- 
tems by using said first and second detection optical 
systems and the reference pattern, wherein said con- 
trol means produces second distance information rep- 
resenting the distance between the optical axes of 
said first and second detection optical systems by us- 
ing said first and second detection optical systems 
and the mark, and wherein said control means deter- 
mines an error in the detection of the position of the 
mark of the substrate through said first detection opt- 
ical system, on the basis of a difference between the 
first and second distance information. 

In accordance with a third aspect of the present 



invention, there is provided a projection exposure ap- 
paratus, comprising: holding means for holding a sub- 
strate having a photosensitive layer a projection lens 
system for projecting an image of a pattern of an orig- 
5 inal on the substrate with a sensitizing beam to record 
the pattern on the photosensitive layer; driving means 
for moving said holding means along an image plane 
of said projection lens system; measuring means for 
measuring the amount of movement of said holding 
10 means along the image plane; a first detection optical 
system for detecting a mark of the substrate and the 
pattern recorded on the photosensitive layer, through 
said projection lens system and with a first non-sen- 
sitizing beam; a second detection optical system for 
15 detecting the mark of the substrate and the pattern re- 
corded on the photosensitive layer, without said pro- 
jection lens system and with a second non-sensitizing 
beam having a bandwidth broader than that of the first 
non-sensitizing beam; and control means for control- 
20 iing the position of said holding means by using said 
measuring means and said driving means to allow de- 
tection of the mark of the substrate and the pattern re- 
corded on the photosensitive layer, through said first 
and second detection optical systems, wherein said 
25 control means produces first distance information rep- 
resenting the positional relationship between the 
mark of the substrate and the pattern recorded on the 
photosensitive layer, by using said first detection opt- 
ical system, wherein said control means produces 
30 second distance information representing the . posi- 
tional relationship between the mark of the substrate 
and the pattern recorded on the photosensitive layer, 
by using said second detection optical system, and 
wherein said control means determines an error in the 
35 detection of the position of the mark of the substrate 
through said first detection optical system, on the ba- 
sis of a difference between the first and second dis- 
tance information. 

Further, in accordance with a fourth aspect of the 
40 present invention, there is provided a semiconductor 
device manufacturing method wherein the position of 
a mark of a wafer is detected through a projection lens 
system and, after adjustment of the wafer with respect 
to a mask, an image of a circuit pattern of the mask is 
45 projected and printed on the wafer through the projec- 
tion lens system and with a sensitizing beam, the im- 
provements residing in the steps of: detecting the 
mark through the projection lens system with a first 
non-sensitizing beam, whereby information related to 
so the position of the mark is produced; and correcting 
the produced information with an offset value to deter- 
mine the position of the mark, wherein the offset value 
is determined by using first information related to the 
position of the mark and produced by detecting a mark 
55 of a particular wafer through the projection lens sys- 
tem and with the first non-sensitizing beam and sec- 
ond information produced by detecting the mark of the 
particular wafer without the projection lens system 
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and with a second non-sensitizing beam having a 
bandwidth broader than that of the first non-sensitiz- 
ing beam, 

A projection exposure apparatus according to a 
preferred embodiment of the present invention in- 
cludes a projection lens system for projecting an im- 
age of a circuit pattern of a reticle with sensitizing light, 
an X-Y stage provided at the image plane side of the 
projection lens system and being movable along a 
plane intersecting substantially perpendicularly with 
the optical axis of the projection lens system, and a 
measuring device for measuring the position of the X- 
Y stage. The apparatus is further equipped with a first 
detection optical system (TTL non-axis alignment 
scope) for detecting an image of a first alignment mark 
of a first wafer d is posed on the X-Y stage, through the 
projection lens system and with first non-sensitizing 
light; a second detection optical system (off-axis 
alignment scope) for detecting an image of the first 
alignment mark of the first wafer disposed on the X-Y 
stage, without the projection lens system and with 
second non-sensitizing light having a bandwidth 
broader than that of the first non-sensitizing light; and 
control means for correcting an error in obtaining posi- 
tional information related to a second alignment mark 
of the first wafer and/or to an alignment mark of a sec- 
ond wafer placed on the X-Y stage to thereby control 
the movement of the X-Y stage, by using the first de- 
tection optical system and the measuring device on 
the basis of at least one of (i) positional information re- 
lated to the first alignment mark and produced through 
the second detection optical system and the measur- 
ing device and (ii) intensity distribution information re- 
lated to the first alignment mark. This makes it possi- 
ble to correct the error attributable to the interference 
by a resist, caused in the system using a TTL on-axis 
alignment scope, by using an off-axis alignment 
scope which can be used also as a wafer prealign- 
ment scope, without modifying a TTL non-axis align- 
ment scope to complicate the optical arrangement. 
Therefore, the wafer alignment precision can be en- 
hanced significantly, without increasing the cost of the 
apparatus and without complicating the structure of 
the apparatus. 

In accordance with an aspect of the present in- 
vention, there may be added a third detection optical 
system (TTL on-axis alignment scope) for detecting 
an image of an al ig nment pattern of the reticle with the 
sensitizing light and also for detecting an image of a 
reference mark provided on the X-Y stage, through 
the projection lens system. The reference mark may 
include at least one of a mark of a substrate fixedly 
provided on the X-Y stage and an alignment mark of 
a wafer placed on the X-Y stage. 

Further, in the present invention, the relative pos- 
ition (base length) of the optical axis of the first detec- 
tion optical system with respect to the optical axis of 
the projection lens system, upon the image plane, 



may be detected on the basis of (i) the positional in- 
formation related to the reference mark and obtained 
through the first detection optical system and the 
measuring device and (ii) the positional information 
5 related to the reference mark and obtained through 
the third detection optical system and the measuring 
device; while the relative position (base length) the 
optical axis of the second detection optical system 
with respect to the optical axis of the projection lens 
10 system, upon the image plane, may be detected on 
the basis of (iii) the positional information relater to 
the reference mark and obtained through the sec -nd 
deletion optical system and the measuring 6e ce 
and (iv) the positional information related to the refer- 
15 ence mark and obtained through the third detection 
optical system and the measuring device. 

Further, in the present invention, the X-Y stage 
may be provided with a photosensitive member for re- 
ce ig and recording an image of an alignment pat- 
20 terr of the reticle, projected through the projection 
lens system and with the sensitizing light On the ba- 
sis of the positional information related to the pattern 
image recorded on the photosensitive member and 
produced through the first detection optical system 
25 and the measuring device, the control means may de- 
tect the relative position (base length) of the optical 
axis of the first detection optical system with respect 
to the optical axis of the projection lens system, upon 
the image plane. Also, on the basis of the positional 
30 information related to the pattern image recorded on 
the photosensitive member and produced through the 
second detection optical system and the measuring 
device, the control means may detect the relative pos- 
ition-(base length) of the optical axis of the second de- 
35 tection optical system with respect to the optical axis 
of the projection lens system, upon the image plane. 

The photosensitive member on the X-Y stage 
may be fixedly provided on the X-Y stage, or it may 
be placed on the X-Y stage as required and may be 
40 demounted from the X-Y stage after the measurement 
of the base length. 

These and other objects, features and advantag- 
es of the present invention will become more apparent 
upon a consideration of the following description of 
45 the preferred embodiments of the present invention 
taken in conjunction with the accompanying draw- 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

Figure 1 is a schematic view of an embodiment of 
the present invention. 

Figures 2A - 2E are schematic views for explain- 
ing the sequence of wafer alignment operation using 
55 the projection exposure apparatus of Figure 1 , where- 
in Figure 2A shows the manner of detecting a stage 
reference mark by using a TTL on-axis alignment 
scope; Figure 2B shows the manner of detecting the 
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stage reference mark by using a TTL non-axis align- 
ment scope; Figure 2C shows the manner of detecting 
the stage reference mark by using an off-axis align- 
ment scope; Figure 2D shows the manner of detecting 
a wafer alignment mark by using the TTL non-axis 
alignment scope; and Figure 2E shows the manner of 
detecting the wafer alignment mark by using the off- 
axis alignment scope. 

Figures 3A - 3E are schematic views of mark im- 
ages and reference pattern images formed on a CCD, 
wherein Figure 3A shows images of a reticle align- 
ment mark and a stage reference mark as formed on 
a CCD 14 in the state of Figure 2A; Figure 3B shows 
images of the reference pattern and a stage reference 
mark as formed on a CCD 1 8 in the state of Figure 2B; 
Figure 3C shows images of the reference pattern and 
the stage reference mark as formed on a CCD 22 in 
the state of Figure 2C; Figure 3D shows images of the 
reference pattern and a wafer alignment mark as 
formed on the CCD 18 in the state of Figure 2D; and 
Figure 3E shows images of the reference pattern and 
the wafer alignment mark as formed on the CCD 22 
in the state of Figure 3E. 

Figure 4 is a schematic view showing a wafer 
alignment mark and a latent image of a reticle mark 
as recorded on a resist. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Figure 1 is a schematic view of an embodiment of 
the present invention. In Figure 1, denoted at 1 is an 
illumination system for emitting illumination light (sen- 
sitizing light) which comprises i-line or g-line light or 
KrF excimer laser light, for example. Denoted at 2 is 
a reticle on which a circuit pattern and a few kinds of 
alignment marks are formed. The illumination system 

1 serves to illuminate the circuit pattern of the reticle 

2 with the illumination light, with uniform illuminance. 
Denoted at 3 is a major assembly of the apparatus. 
The reticle 2 is supported by a movable reticle stage 
(not shown). By using the reticle stage, a reticle align- 
ment scope (not shown) and a reticle setting align- 
ment mark formed on the reticle, the reticle is aligned 
with the major assembly 3 and is fixed thereto. Denot- 
ed at 4 is a reduction projection lens system for pro- 
jecting an image of the circuit pattern of the reticle il- 
luminated by the illumination system 1 and an image 
of an alignment mark of the reticle 2 as illuminated by 
a TTL on-axis alignment scope, to be described later. 
Denoted at 5 is a wafer which has an array of pattern 
regions and alignment marks, formed on scribe lines 
adjoining the pattern regions, and which is covered 
with a resist. An image of the circuit pattern of the re- 
tide 2 is projected onto each pattern region sequen- 
tially whereby the circuit pattern is transferred to the 
resist in each pattern region. Denoted at 6 is a wafer 
stage which is placed on a base plate 7, for transla- 



tional (horizontal) motion and rotational motion along 
a direction (vertical) of an optical axis 40 of the pro- 
jection lens system 4 and along a plane (X-Y plane) 
perpendicular to the optical axis 40. Disposed on and 
5 held by the wafer stage 6 is a wafer chuck 50 for at- 
tracting and holding the wafer 5 thereon. Also, an opt- 
ical mirror 8 for measurement of the amount of move- 
ment of the stage, is mounted on and fixed to the wa- 
fer stage 6. Denoted at 9 is a laser interferometer 
w which serves to project laser light to the optical mirror 
8. By photoelectrical^ converting interference light 
produced as a result of interference of the reflected 
light from the optical mirror 8 and reference light, pre- 
pared separately, the laser interferometer produces a 
is signal corresponding to the position of the wafer stage 
6. The combination of the optical mirror 8 and the laser 
interferometer 9 is provided to detect the position of 
the wafer stage 6 in the literal direction as viewed in 
the drawing, and there is provided an additional com- 
20 bination of optical mirror and laser interferometer (not 
shown) for detection of the position of the wafer stage 
6 in the vertical direction as viewed in the drawing. 
Further, while not shown in the drawing, a surface 
position detecting sensor is provided to detect the 
25 position of the wafer 5 surface in the direction of the 
optical axis 40. By moving the wafer stage 6 along the 
optical axis 40 on the basis of the sensing by this sen- 
sor, the wafer 5 surface can be positioned on the im- 
age plane of the projection lens system 4. Denoted at 
30 10 is a stage reference mark formed on a glass sub- 
strate which is fixed to the wafer chuck 50. The glass 
substrate is so set that the stage reference mark 10 
is positioned at the same level of the image plane of 
the projection lens system 4. Denoted at 60 is a stage 
35 driving device for moving the wafer stage 6 in a de- 
sired direction by desired amount. 

Denoted at 1 1 - 14 are components of a TTL on- 
axis alignment scope, denoted at 15 - 18 are compo- 
nents of a TTL non-axis alignment scope and denoted 
40 at 19 - 22 are components of an off-axis alignment 
scope. These alignment scopes have their optical 
axes disposed in parallel to each other and are used 
to detect the positions of alignment marks or patterns 
in the X or Y direction. 
45 The TTL on-axis alignment scope is provided be- 

tween the reticle 2 and the illumination system 1, and 
it includes a detection optical system 11. a deflecting 
mirror 13 and a CCD 14 and has an optical axis 12. 
An unshown objective lens and a mirror 1 3 of the de- 
50 tection optical system 1 1 are movable as a unit along 
the reticle 2. and they can be retracted to a position 
not blocking the illumination light from the illumination 
system 1 . The optical axis 1 2 extends through the pro- 
jection lens system 4 and intersects perpendicularly 
55 with the image plane of the projection lens system 4 
at a portion adjacent to a zone A illustrated. 

The detection optical system 1 1 serves to project 
sensitizing light, of the same wavelength as the sen- 
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sitizing light used for the projection of the circuit pat- 
tern image, to the mirror 13 and the light reflected by 
the mirror 13 illuminates the reticle 2. The projection 
lens system 4 receives the sensitizing light passing 
through the reticle 2 and projects it toward the zone A 
of the image plane. If, in the neighbourhood of the 
zone A, there is a reflective substrate such as the wa- 
fer 5 or a reference mark 10, the projected sensitizing 
light is reflected by it. The projection lens system 4 re- 
ceives the reflected sensitizing light and directs the 
same to the reticle 2. The reflected sensitizing light, 
illuminating and passing through the reticle 2, is re- 
flected by the mirror 1 3 and, through the detection opt- 
ical system 11, it impinges on a CCD 14. By this, an 
image of the reticle 2 or an image of the reflective sub- 
strate in the zone A are formed on the CCD 14. Thus, 
by this CCD 14, an image of an alignment mark of the 
reticle 2 and an image of an alignment mark of the wa- 
fer 5 as well as an image of the reference mark 1 0 can 
be detected. 

The TTL non-axis alignment scope is provided 
between the reticle 2 and the projection lens system 
4. It includes a detection optical system 1 5, a deflect- 
ing mirror 17 and a CCD 18, and it has an optical axis 
16. The mirror 17 is fixed and is disposed at a position 
not intercepting the imaging light from various pat- 
terns of the reticle 2, directed to the projection lens 
system 4. The optical axis 6 extends through the pro- 
jection lens system 4 and intersects perpendicularly 
with the image plane of the projection lens system in 
a portion adjacent to a zone B illustrated. 

The detection optical system 15 serves to project 
non-sensitizing light, of a wavelength different from 
that of the sensitizing light used for the projection of 
the circuit pattern image, to the mirror 1 7, by which the 
light is reflected to the projection lens system 4. The 
projection lens system receives this non-sensitizing 
light and directs the same to a portion adjacent to the 
zone B of the image plane. If, in the neighbourhood of 
the zone B, there is a reflective substrate such as the 
wafer 5 or the reference mark 10, the non-sensitizing 
light is reflected by it. The projection lens system 4 re- 
ceives the reflected non-sensitizing light and directs 
the same to the mirror 17. The reflected non-sensitiz- 
ing light is reflected by the mirror 17 and, through the 
detection optical system 15, it is received by the CCD 
18. By this, an image of the reflective substrate in the 
zone B is formed on the CCD 18. Thus, by this CCD 
18, an image of an alignment mark of the wafer 5 or 
an image of the reference mark 10 can be detected. 
Further, this alignment scope is provided so as to pro- 
duce a signal representing the positional relationship 
between the image of each mark and a certain refer- 
ence, placed in a fixed relationship with the major as- 
sembly 3 of the apparatus and, to this end, a reference 
may be electrically defined on the CCD 18 or, alterna- 
tively, a reference plate having a reference pattern 
formed thereon may be disposed on the optical axis 



suet, that the reference pattern can be imaged on the 
CCD 18 simultaneously with or separately from the 
imaging of the marks. 

The off-axis alignment scope is disposed beside 
5 the projection lens system 4, and it includes a detec- 
tion optical system 19, a deflecting mirror 21 and a 
CCD 22 and has an optical axis 20. The optical axis 
20 intersects perpendicularly with a plane, containing 
the image plane of the projection lens system 4, at a 
10 portion adjacent to a zone C illustrated. 

The detection optical system 19 serves to project 
non-sensitizing light (e.g. white light), having a wave- 
length different from that of the sensitizing light used 
for the projection of the circuit pattern image and hav- 
15 ing a bandwidth broader than that of the light used in 
the TTL non-axis alignment scope, to a portion adja- 
cent to the zone C. If, in the neighbourhood of the 
zone C, there is a reflective substrate such as the wa- 
fer 5 or the reference mark 10, the projected non-sen- 
20 sitizing light is reflected thereby. The detection optical 
system 19 receives the reflected non-sensitizing light 
and directs the same to the mirror 21. The reflected 
non-sensitizing light is reflected by the mirror 21 and 
impinges on the CCD 22, by which an image of the re- 
25 flective substrate in the zone C is formed on the CCD 
22. Thus, by the CCD 22, an image of an alignment 
mark of the wafer 5 or an image of the reference mark 
10 can be detected. Further, also this alignment 
scope is provided so as to produce a signal represent- 
30 ing the positional relationship between the image of 
each mark and a certain reference which is in a fixed 
relationship with the major assembly 3 of the appara- 
tus and, to this end, a reference may be electrically 
defined on the CCD 22 or, alternatively, a reference 
35 plate having a reference pattern formed thereon may 
be disposed within the optical system 1 9 such that the 
reference pattern can be imaged on the CCD 12 si- 
multaneously with or separately from the imaging-of 
the marks. 

40 Video signals outputted from these three types of 

alignment scopes and representing intensity distribu- 
tions of mark images or reference pattern images, are 
supplied to a control means 100 and are processed 
therein. The control means 100 is electrically commu- 

45 nicated with the X-direction laser interferometer 9, a 
Y-direction laser interferometer (not shown) and the 
stage driving means 60, through respective signal 
lines, such that, on one hand, the output signals rep- 
resenting the position (amount of movement) of the 

50 stage 6 with respect to the X and Y directions are ap- 
plied to the control means, while on the other hand, it 
produces and applies a control signal, designating the 
amount of movement of the stage 6, to the driving 
means 60. 

55 Referring now to Figures 2 and 3 as well as Figure 

1, the process of aligning the wafer 5 with the reticle 
2 and of projecting and transferring an image of the 
circuit pattern of the reticle 2 on each pattern region 
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of the wafer 2, in the projection exposure apparatus 
of the present invention, for manufacture of semicon- 
ductor devices, will be explained. 

First, the reticle 2 is supported by the unshown re- 
ticle stage and is brought into alignment with respect 
to the major assembly 3. After this, the reticle stage 
and, thus, the reticle 2 are fixed to the major assembly 
3. By this, the center of the circuit pattern of the reticle 
2 is brought into coincidence with the optical axis 40 
of the projection lens system. 

Then, the driving means 60 moves the wafer 
stage 6 so as to position the reference mark 10 in the 
zone A as illustrated in Figure 2A. In this state, the 
TTL on-axis alignment scope (11 - 14) is used to de- 
tect images of an alignment mark of the reticle 2 and 
the reference mark 10, and the detected images are 
converted into video signals. The relationship be- 
tween them upon the CCD is such as shown in Figure 
3A. In Figure 3A, numeral 301 denotes the image of 
the alignment mark of the reticle 2, while numeral 302 
denotes the image of the reference mark. On the basis 
of the video signals from the CCD 14, the control 
means 100 calculates positional deviation of the mark 
image 302 with reference to the mark image 301, in 
the directions corresponding to the X and Y directions. 
Thus, a positional deviation AAx in the X direction and 
a positional deviation AAy in the Y direction, of the ref- 
erence mark 10 with reference to the alignment mark 
of the reticle 2 in the state of Figure 2A, can be detect- 
ed. Since the position of the alignment mark of the re- 
tide 2 with respect to the optical axis 40 of the projec- 
tion lens system 4 is predetermined, on the basis of 
this detection it is possible to determine the position 
(X-Y coordinates) of the reference mark 10. 

Subsequently, the driving means 60 moves the 
wafer stage 6 from the Figure 2 A position, so as to 
position the reference mark 10 in the zone B as illu- 
strated in Figure 2B. At this time, the control means 
100 calculates the movement amounts ALabx and 
ALaby of the wafer stage 6 in the X and Y directions, 
on the basis of the outputs of the X-direction laser in- 
terferometer 9 and the Y-direction laser interferomet- 
er. In the state shown in Figure 2B, the TTL non-axis 
alignment scope (15- 18) is used to detect images of 
the reference mark 1 0 and a reference pattern (setting 
mark) within the alignment scope. The relationship of 
them upon the CCD 18 at this time is such as shown 
in Figure 3B. In Figure 3B. numeral 303 denotes the 
image of the reference pattern and numeral 304 de- 
notes the image of the reference mark. On the basis 
of the video signals from the CCD 18, the control 
means calculates positional deviation in the X and Y 
directions of the mark image 304 with respect to the 
mark image 303, and it detects a positional deviation 
ABx in the X direction and a positional deviation ABy 
in the Y direction, of the reference mark 10 with re- 
spect to the reference pattern (setting mark), in the 
state of Figure 2B. 



On the basis of the thus detected quantities AAx, 
ABx, ALabx, AAy, ABy and ALaby, the control means 
100 calculates the distance AXabx (= ALabx + AAx - 
ABx) in the X direction between the optical axis 12 of 
5 the TTL on-axis alignment scope and the optical axis 
1 6 of the TTL non-axis alignment scope as well as the 
distance AXaby (= ALaby + AAy - ABy) of them in the 
Y direction, in the neighbourhood of the image plane 
of the projection lens system as shown in Figures 2A 
10 and 2B. The calculated distances are memorized into 
a RAM (random access memory) of the control means 
100. Since the distance between the optical axes 12 
and 40 of the TTL on-axis alignment scope and the 
projection lens system 4 is predetermined, from the 
15 quantity AXab it is possible to detect the distances in 
the X and Y directions from the optical axis 16 of the 
TTL non-axis alignment scope to the optical axis 40, 
namely, the base lengths BL1x and BL1y (first base 
line) of this alignment scope. 
20 Thereafter, the driving means 60 moves the wafer 

stage 6 from the Figure 2B position so as to position 
the reference mark 10 in the zone C as illustrated in 
Figure 2C. At this time, the control means 100 calcu- 
lates the movement amounts ALbcx and ALbcy of the 
25 wafer stage 6 in the X and Y directions, on the basis 
of the outputs of the X-direction laser interferometer 
9 and the Y-direction laser interferometer. In the state 
shown in Figure 2C, the off-axis alignment scope (19 
- 22) is used to detect images of the reference mark 
30 10 and a reference pattern (setting mark) within the 
alignment scope. The relationship of them upon the 
CCD 22 at this time is such as shown in Figure 3C. In 
Figure 3C, numeral 305 denotes the image of the ref- 
erence pattern and numeral 306 denotes the image of 
35 the reference mark. On the basis of the video signals 
from the CCD 22, the control means calculates posi- 
tional deviation in the X and Y directions of the mark 
image 306 with respect to the mark image 305, and it 
detects a positional deviation ACx in the X direction 
40 and a positional deviation ACy in the Y direction, of the 
reference mark 10 with respect to the reference pat- 
tern (setting mark), in the state of Figure 2C. 

On the basis of the thus detected quantities ABx, 
ACx, ALbcx, ABy, ACy and ALbcy. the control means 
45 100 calculates the distance AXbcx (= ALbcx + ABx - 
ACx) in the X direction between the optical axis 16 of 
the TTL non-axis alignment scope and the optical axis 
20 of the off-axis alignment scope as well as the dis- 
tance AXbcy (= ALbcy + ABy - ACy) of them in the Y 
so direction, in the neighbourhood of the image plane of 
the projection lens system as shown in Figures 2A - 
2C. The calculated distances are memorized into the 
RAM of the control means 100. Since the distances 
between the optical axes 16 and 40 of the TTL non- 
55 axis alignment scope and the projection lens system 
4 in the X and Y directions are predetermined, as base 
lengths BL1x and BL1y, from the quantities AXbcx 
and AXbcy it is possible to detect the distances in the 
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X and Y directions from the optical axis 20 of the off- 
axis alignment scope to the optical axis 40, namely, 
the base lengths BL2x and BL2y (second base line) 
of this alignment scope. 

After the measurement for the detection of the in- 
terdistances AXabx, AXaby, AXbcx and AXbcy of the 
optical axes is completed, detection of an image of an 
alignment mark of the wafer 5 is then executed. 

The driving means 60 moves the wafer stage 6 so 
as to position an alignment mark 23 of the wafer 5 in 
the zone B as illustrated in Figure 2D. In the state of 
Figure 2D, the TTL non-axis alignment scope (15-18) 
is used to detect images of the alignment mark 23 and 
a reference pattern (setting mark) within the alignment 
scope. The relationship of them upon the CCD 18 at 
this time is such as shown in Figure 3D. in Figure 3D, 
numeral 307 denotes the image of the reference pat- 
tern and numeral 308 denotes the image of the align- 
ment mark 23. On the basis of the video signals from 
the CCD 18, the control means 100 calculates posi- 
tional deviation in the X and Y directions of the mark 
image 308 with respect to the mark image 307, and it 
detects a positional deviation AWBx in the X direction 
and a positional deviation AWBy in the Y direction, of 
the alignment mark 23 with respect to the reference 
pattern (setting mark), in the state of Figure 2D. 

Usually, rf the interdistances AXabx and AXaby of 
the optical axes (base lengths BL1x and BL1y) and 
the positional deviations AWBx and AWBy are deter- 
mined, the wafer 2 can be brought to a position just 
below the projection lens system 4 and aligned there- 
to by moving the wafer stage 6 through the stage driv- 
ing means 60 from the Figure 2D position. However, 
as described in the introductory portion of this Speci- 
fication, the results AWBx and AWBy of detection of 
the position of the alignment mark 23 of the wafer 5 
through the TTL non-axis alignment scope have been 
influenced by the interference caused by the resist 
and the residual aberration of the projection lens sys- 
tem and, therefore, the precision of detection is not 
very high. In the present embodiment, in considera- 
tion of this, prior to moving the alignment mark into the 
zone B shown in Figure 2D, the alignment mark 23 is 
moved into the zone C shown in Figure 2E and the im- 
age of the mark is detected. 

More specifically, under the control of the control 
means 100, the driving means 60 moves the wafer 
stage 6 from the Figure 2C position so as to position 
the alignment mark 23 in the zone C as illustrated in 
Figure 2E. At this time, the control means 100 calcu- 
lates the movement amounts Amx and Amy of the wa- 
fer stage 6 in the X and Y directions, on the basis of 
the outputs of the X-direction laser interferometer 9 
and the Y-dtrection laser interferometer. In the state 
shown in Figure 2E, the off-axis alignment scope (19 
- 22) is used to detect, with non-sensitizing white light 
of broad bandwidth, the images of the alignment mark 
23 and a reference pattern (setting mark) within the 



alignment scope. The relationship of them upon the 
CCD 22 at this time is such as shown in Figure 3E. In 
Figure 3E, numeral 309 denotes the image of the ref- 
erence pattern and numeral 310 denotes the image of 
5 the reference mark. On the basis of the video signals 
from the CCD 22, the control means 100 calculates 
positional deviation in the X and Y directions of the 
mark image 310 with respect to the mark image 309 
and, on the basis of the positional deviations, it deter- 
10 mines a positional deviation AWCx in the X direction 
and a positional deviation AWCy in the Y direction, of 
the alignment mark 23 with respect to the reference 
ttern (setting mark), in the state of Figure 2E. 
The detection optical system 19 of the off-axis 
15 alignment scope is an optical system which is strictly 
aberration-corrected with respect to white light in or- 
der to assure that images of marks such as alignment 
marks are formed sharply. Also, the white light has a 
broad bandwidth and has low coherency. Therefore, 
20 there occurs substantially no effect of interference 
and residual aberration, as in the case of the TTL non- 
axis alignment scope. Thus, the quantities AWCx and 
AWCy of positional deviation of the alignment mark 
detected through the off-axis alignment scope has a 
25 high precision. 

Then, in the present embodiment, while monitor- 
ing the output of the laser interferometer 9, the wafer 
stage 6 is moved by the driving means 60 from the 
Figure 2E position by Amx and Amy in the X direction, 
30 to thereby position the alignment mark of the wafer 5 
in the zone B as illustrated in Figure 2D. In the state 
of Figure 2D, the TTL non-axis alignment scope is 
used to detect the positional deviations AWBx and 
AWBy of the al ignment mark 23 with respect to the ref 
35 erence pattern (setting mark) of the TTL non-axis 
alignment scope, as described hereinbefore. There- 
after, on the basis of the quantities AWCx, AWCy, 
AWBx, AWBy, Amx' and Amy', the control means 100 
again calculates the distances AXBCx (= Amx' + 
40 AWBx - AWCx) and AXBCy (= Amy' + AWBy - AWCy) 
between the optical axes 16 and 20 in the X and Y di- 
rections. If the quantities detected before this calcu- 
lation are correct, then the interdistances AXbcx and 
AXbcy of the optical axes detected by using the refer- 
45 ence mark 10 and the interdistances AXBCx and 
AXBCy of the optical axes detected by using the al ign- 
ment mark 23 should be in the relationship of AXBCx 
= AXbcx and AXBCy = AXbcy. Actually, however, due 
to an error in the quantity AWB influenced by the in- 
50 terference and the residual aberration of the TTL non- 
axis alignment scope, there are produced errors Aex 
and Aey wherein Aex = AXBCx - AXbcx and Aey = 
AXBCy - AXbcy. Namely, the errors Aex and Aey are 
those errors caused in the detection of the alignment 
55 mark 23 through the TTL non-axis alignment scope. 

In consideration of this, in the present embodi- 
ment, the quantity AWB of positional deviation of the 
alignment mark 23 with respect to the reference pat- 
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tern (setting mark) within the TTL non-axis alignment 
scope is corrected by offset quantities Aex and Aey, 
and the quantities AWBx' <= AWBx - Asx) and AWBy' 
(= AWBy - A£y> are used as the positional deviations. 
Thus, by using correct positional deviations AWBx' 
and AWBy' as well as the base lengths BL1x and 
BL1y, the wafer stage 6 is moved by the driving 
means 60 through an appropriate distance. By this, 
each pattern region of the wafer 5 can be positioned 
with respect to the reticle with good precision and thus 
the circuit pattern image can be correctly projected on 
each pattern region. This ensures printing of the cir- 
cuit pattern image accurately on each pattern region 
and. thus, assures production of semiconductor de- 
vices of good quality. 

It is to be noted here that in the present embodi- 
ment, as for the alignment mark to be detected 
through the TTL non-axis alignment scope, an align- 
ment mark provided in relation to only one of the pat- 
tern regtons arrayed on the wafer 5 may be detected 
or. alternatively, alignment marks provided in relation 
to some pattern regtons may be detected. As a further 
alternative, alignment marks provided in relation to all 
the pattern region may be detected. Particularly, if 
alignment marks provided in relation to some pattern 
regions which are separate from each other are de- 
tected and their positional deviations are detected, 
then an error of the wafer as a whole in a rotational di- 
rection or any distortion of the wafer can be detected. 
Further, rf plural alignment marks provided in relation 
to a particular pattern region are detected and their 
posittonal deviations are detected, an error of that pat- 
tern region m the rotational direction or any distortion 
or the like of that pattern region can be detected. Such 
error or distortion can be corrected when each pattern 
region o' the wafer 5 is sequentially brought into align- 
ment with the reticle 2. Where all the alignment marks 
are to be detected, the operation of posittonal devia- 
tion cetection and position adjustment is effected se- 
qi.^n-i^iiy with respect to every pattern region (this is 
r,ii'.-.i Vip-ny-die alignment**). 

A «■* f x the alignment mark 23 of the wafer 5 to be 
(or the determination of the offset Af.. any one of 
,iii';"irm-nt marks provided in relation to the pattern re- 
gions of :he wafer may be used. As a matter of course, 
piufrj alignment marks may be used. 

As for the reference mark 1 0 used in the detection 
of mterd stance of the optical axes, a plurality of such 
re'erence marks may be provided at different posi- 
tions on the wafer chuck 50 of the,wafer stage 6. In 
that occasion, by detecting these marks through the 
alignment scope, not only detection of interdistance of 
the ootical axes in the X direction but also correction 
of base length (base line) in relation to multiple points 
(which may be called "base grating"), including the 
dnve orthogonality of the wafer stage 6, are assured. 

Where the offset Ae can be considered as an in- 
herent error in the detection of alignment marks of wa- 



fers having been processed through a particular proc- 
ess or processes, a single offset may be applied to 
those wafers having been process through the same 
process or processes. This means that, for each proc- 
5 ess, use of only a single wafer is sufficient for deter- 
mination of the offset Ae of the TTL non-axis al ig nme nt 
scope. 

In the present embodiment, one TTL non-axis 
alignment scope is provided and, by using this align- 
to ment scope, the positional deviations of the alignment 
mark of the wafer 5 with respect to the X and Y direc- 
tions is detected. However, a pair of TTL non-axis 
alignment scopes may be provided and used in rela- 
tion to the X and Y directions, separately. In that oc- 
15 casion, only one off-axis alignment scope may be 
used or, alternatively, two off-axis alignment scope 
may be used in relation to the X and Y directions sep- 
arately. 

As for the sensitizing light to be used with the TTL 

20 on-axis alignment scope, the light produced by the il- 
lumination system 1 may be used. Alternatively, light 
from a separate light source may be used. 

The light used with the off-axis alignment scope 
is not limited to white light. Any other non-sensitizing 

25 light of broad bandwidth in a certain wavelength re- 
gion may be used. 

The light to be used in the TTL non-axis alignment 
scope may be supplied from a laser or a combination 
of a lamp and an interference filter. 

30 As for the device for picking the image of a mark 

or a reference pattern, in place of a CCD, an image 
pickup tube may be used as an example. 

While the TTL non-axis alignment scope is dis- 
posed between the reticle 2 and the projection lens 

35 system 4, it may be disposed between the reticle 2 
and the ilumination system 1. In that occasion, the 
structure may be modified to detect the alignment 
mark of the reticle together with the al ignment mark of 
the wafer. 

40 The shape or structure of the alignment mark or 

the reference pattern is not limited to the one shown 
in Figures 3A - 3E. Any other shape or structure such 
as, for example, a grating type mark may be used. 
Also, the structure of the alignment scope may be 

45 changed in accordance with the arrangement of the 
exposure apparatus. 

The projection lens system is not limited to one 
which is provided only by a lens assembly. The pres- 
ent invention is applicable also to an apparatus hav- 

50 ing a projection optical system comprising a combin- 
ation of lenses and mirrors. 

In the present embodiment, the offset Az is deter- 
mined on the basis of detection of positional deviation 
of the alignment mark 23 through the off-axis align- 

55 ment scope to correct an error in the detection of posi- 
tional deviation of the alignment mark through the TTL 
non-axis alignment scope. This is only an example. 
That is, as another example, the information related 
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to the intensity distribution as represented by a video 
signal obtained through the off-axis alignment scope 
and related to the image of the alignment mark 23 may 
be memorized into the RAM of the control means as 
a reference pattern to be used in the detection of posi- 
tional deviation based on the pattern matching meth- 
od which is known per se. When the alignment mark 
of the wafer 5 is to be detected through the TTL non- 
axis alignment scope, the position of the image of the 
alignment mark of the wafer upon the CCD may be de- 
termined on the basis of the pattern matching with the 
memorized reference pattern, to determine any posi- 
tional deviation of the mark image position. This as- 
sures high-precision detection of the wafer 5 position. 

If in the present embodiment the error A£ in the 
position detection through the TTL non-axis align- 
ment scope is very large or if the position detection it- 
self is unattainable, use of the TTL non-axis alignment 
scope may be intermitted and the off-axis alignment 
scope may be used to detect the positional deviation 
of the alignment mark of the wafer 5. On the basis of 
the detected positional deviation and the interdistanc- 
es AXabx, AXaby, AXbcx and AXbcy of the optical 
axes, the wafer 5 may be fed to a portion just below 
the projection lens system 4 for alignment of a pattern 
region of the wafer 5 with the reticle 2. In the alignment 
operation using a conventional off-axis alignment 
scope, such wafer feeding needs long distance move- 
ment of the wafer, resulting in low stability of align- 
ment precision. In the present embodiment, however, 
such wafer feeding distance is divided into two inter- 
distances AXabx and AXaby (BL1x and BL1y); AXbcx 
and AXbcy of optical axes, that is, the quantities 
AXabx and AXaby having relatively high stability and 
the quantities AXbcx and AXbcy of low stability. While, 
as in the alignment operation using the conventional 
off-axis alignment scope, the quantity AXbc should be 
measured at suitable timing and should be corrected, 
it is shorter than that in the conventional off-axis align- 
ment scope and, therefore, it is possible to increase 
the alignment precision of the wafer 5. 

In the present embodiment, the stage reference 
mark 10 is used to detect the interdistances AXabx, 
AXaby, AXbcx and AXbcy of the optical axes as well 
as the base lines BL1x, BL1y, BL2x and BL2y, there 
is a possible method which does not use this refer- 
ence mark. That is, in this method, a photosensitive 
material is provided on the wafer stage, and an image 
of a mark such as an alignment mark of the reticle 2 
is printed on this photosensitive material, the printed 
mark image being used as a reference for the detec- 
tion of the interdistance of the optical axes. Where a 
resist applied to the wafer 5 of this embodiment or a 
resist applied to a separate wafer is used as this pho- 
tosensitive material, the mark image is printed on the 
resist as a latent image and this image is detected 
without development. On the other hand, a photo- 
chromic material or a magneto-optic recording mate- 



rial may be used as the photosensitive material. 
Where such a material is used, a substrate to which 
this material is applied may be provided on a portion 
of the wafer chuck 50, separate from the portion on 
5 which a wafer is to be placed. Alternatively, such a 
material may be applied to a wafer and the wafer.may 
be placed on the wafer stage 6 only when the inter- 
distance of the optical axes is to be detected In any 
case, the mark image may be recorded on tr • photo- 
w chromic material as a contrast image or on the mag- 
neto-optic recording material as a magnetic image. If, 
for the detection of the interdistance of optical axes, 
the photosensitive material is placed on the portion on 
which the wafer 5 is to be placed, it is assured that an 
15 image of a mark is detected at the site at which an 
alignment mark of the wafer 5 is to be actually detect- 
ed. This is effective particularly when the orthogonal- 
ity or magnification (size) changes with the position on 
the wafer stage 6. In the method using such a photo- 
20 sensitive material, as an example, in the apparatus 
shown in Figure 1 a mark formed on the reticle 2 may 
be illuminated through the TTL on-axis alignment 
scope and an image of the mark may be projected on 
the photosensitive material through the projection 
25 lens system 4, to record the mark image on the pho- 
tosensitive material. The subsequent operations may 
be similar to those of the embodiment described here- 
inbefore and, as shown in Figures 2B and 2C, while 
monitoring the amount of movement of the wafer 
30 stage 6, the TTL non-axis alignment scope and the 
off-axis alignment scope may be used to detect the 
positional deviation of the mark image recorded on 
the photosensitive material and, on the basis of the 
detected quantities, the interdistance of optical axes 
35 may be determined. The manner of determining the 
offset Ae for the detection of positional deviation 
through the TTL non-axis alignment scope, by using 
the alignment mark 23 of the wafer 5 and the TTL non- 
axis alignment scope as well as the off-axis alignment 
40 scope, may be the same as that in the present em- 
bodiment- 
Referring now to Figures 1 and 4, another exam- 
ple of determining offset quantities Asx and Ar.y for the 
detection of positional deviation through the TTL non- 
45 axis alignment scope, where a resist is used as the 
photosensitive material, will be explained. 

It is now assumed that the interdistances AXabx, 
AXaby, AXbcx and AXbcy have already been deter- 
mined in accordance with any one of the method de- 
50 scribed hereinbefore and that the wafer has an align- 
ment mark formed on a scribe line while the reticle has 
a mark formed in a region (reticle scribe line) corre- 
sponding to the wafer scribe line. Initially, the mark of 
the reticle 2 is illuminated by using the TTL on-axis 
55 alignment scope, and an image of the reticle 2 mark 
is projected on a portion adjacent to the alignment 
mark of the wafer 5 whereby the reticle mark image is 
recorded thereon as a latent image. Figure 4 shows 
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the alignment mark 31 1 of the wafer 5 and the latent 
image 312. As shown in Figure 4, the alignment mark 

311 and the latent image 312 are juxtaposed and, 
therefore, they can be detected at the same time - 
(through the same view field) by any one of the align- 
ment scopes. Then, the wafer driving means 60 
moves the wafer stage 6 by AXabx and AXaby to bring 
the alignment mark 31 1 and the latent image 312 into 
the view field of the TTL non-axis alignment scope. 
Then, through this TTL non-axis alignment scope, im- 
ages of the alignment mark 31 1 and the latent image 

312 are formed on the CCD 18. The control means 
100 receives a video signal outputted from the CCD 
18 and corresponding to the images of the alignment 
mark 311 and the latent image 312 and, based on 
these video signal, it calculates the positional devia- 
tions AMx and AMy of the alignment marks 31 1 and 
the latent image 312 with respect to the X and Y di- 
rections. Subsequently, by using the wafer driving 
means 60 and the laser interferometer 9, the wafer 
stage 6 is moved from the position of detection of the 
images of the alignment mark 31 1 and the latent im- 
age 312, through the interdtstances AXbcx and AXbcy 
of optical axes, whereby the alignment mark 311 and 
the latent image 31 2 are brought into the view field of 
the off-axis alignment scope. Then, through this off- 
axis alignment scope, the images of the alignment 
mark 311 and the latent image 312 are formed on the 
CCD 22. The control means 100 receives a video sig- 
nal outputted from the CCD 22 and corresponding to 
the images of the alignment mark 31 1 and the latent 
image 312 and, on the basis of the received signal, it 
calculates the positional deviations ANx and ANy of 
the alignment mark 311 and the latent image 312 in 
the X and Y directions. 

Since the latent image 312 is an image formed on 
the resist of the wafer 5, the error in the position de- 
tection through the TTL non-axis alignment scope or 
through the off-axis alignment scope is small. How- 
ever, as described hereinbefore, the error in the de- 
tection of position of the alignment mark 311 of the 
wafer 5 through the TTL non-axis alignment scope is 
large In consideration of this, the control means 100 
determines errors Aex and Aey in the position detec- 
tion through the TTL non-axis alignment scope on the 
basis of the difference between the quantities AMx 
and ANy and the difference between the quantities 
AMy and ANy. More specifically, if there is no error in 
the detection using these alignment scopes, the rela- 
tionship AMx = ANx and AMy = ANy should be satis- 
fied. Actually, however, AMx * ANx and AMy * ANy. 
This is because of an error in the position detection 
using the TTL non-axis alignment scope (the error in 
the detection using the off-axis alignment scope is 
small). Then, the control means 100 determines de- 
tection errors Aex and Aey wherein Aex = AMx - ANx 
and Aey = AMy - ANy. Thus, the quantities Aex and Asy 
are used as offset quantities for the wafer alignment 



operation with respect to the reticle 2 through the TTL 
non-axis alignment scope. In this manner, the align- 
ment and exposure operation is executed whereby an 
image of the circuit pattern can be correctly super- 
5 posed upon and printed on the pattern region of the 
wafer. 

A notable point of this embodiment resides in that 
strict precision of reticle alignment is not required 
when the reticle is fixed to the major assembly 3 of the 

10 apparatus. Only required is that the initial positional 
relationship of the reticle 2 and the wafer 3 is so de- 
tectable as to allow that the image of the mark of the 
reticle is projected in the neighbourhood of the align- 
ment mark 31 1 on the scribe line of the wafer to record 

15 the latent image 312. However, once the latent image 
312 is recorded, the position of the reticle 2 should be 
maintained fixed. 

As described hereinbefore, in this embodiment, 
on the basis of detection of an image of an alignment 

20 mark through an off-axis alignment scope, an error in 
the detection of positional deviation of the alignment 
mark through a TTL non-axis alignment scope is cor- 
rected and, thereafter, the wafer is aligned with re- 
spect to the reticle. This assures accurate wafer align- 

25 ment through the TTL non-axis alignment scope with- 
out complicating the apparatus and without increas- 
ing the cost, and the image of a circuit pattern can be 
projected and printed correctly on each pattern region 
of a wafer. Thus, production of semiconductor devic- 

30 es of good quality is ensured. 

While the invention has been described with ref- 
erence to the structures disclosed herein, it is not con- 
fined to the details set forth and this application is in- 
tended to cover such modifications or changes as 

35 may come within the purposes of the improvements 
or the scope of the following claims. 
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Claims 



1. A projection exposure apparatus, comprising: 

a projection lens system for projecting an 
image of a pattern of an original on a substrate 
having a photosensitive layer, by using a sensitiz- 
45 ing beam; 

a first detection optical system for detect- 
ing a mark of the substrate through said projec- 
tion lens system and with a first non-sensitizing 
beam, said first detection optical system produc- 
50 ing first information related to the position of the 

mark; 

a second detection optical system for de- 
tecting the mark of the substrate without said pro- 
jection lens system and with a second non-sen- 
55 sitizing beam having a bandwidth broader than 

that of the first non-sensitizing beam, said second 
detection optical system producing second infor- 
mation related to the position of the mark; and 
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means for detecting an error included in 
the first information, by using the first and second 
information. 

2. An apparatus according to Claim 1, wherein said 
first and second detection optical systems include 
first and second image pickup means, respective- 
ly, each for taking an image of the mark, and 
wherein the first and second information are pro- 
duced on the basis of the images produced by the 
first and second detection optical systems, re- 
spectively. 

3. A projection exposure apparatus, comprising: 

holding means for holding a substrate hav- 
ing a photosensitive layer, said holding means 
having a portion on which a reference pattern is 
formed or to be formed; 

a projection lens system for projecting an 
image of a pattern of an original on the substrate, 
by using a sensitizing beam; 

driving means for moving said holding 
means along an image plane of said projection 
lens system; 

measuring means for measuring the 
amount of movement of said holding means along 
the image plane; 

a first detection optical system for detect- 
ing a mark of the substrate and the reference pat- 
tern through said projection lens system and with 
a first non-sensitizing beam; 

a second detection optical system for de- 
tecting the mark of the substrate and the refer- 
ence pattern, without said projection lens system 
and with a second non-sensitizing beam having a 
bandwidth broader than that of the first non-sen- 
sitizmg beam; and 

control means for controlling the position 
of said holding means by using said measuring 
means and said driving means to allow detection 
of the mark and the reference pattern through 
<^>k1 first and second detection optical systems, 
wherein said control means produces first dis- 
tance information representing the distance be- 
tween optical axes of said first and second detec- 
tion optical systems by using said first and second 
detection optical systems and the reference pat- 
tern wherein said control means produces sec- 
ond distance information representing the dis- 
tance between the optical axes of said first and 
second detection optical systems by using said 
first and second detection optical systems and 
the mark, and wherein said control means deter- 
mines an error in the detection of the position of 
the mark of the substrate through said first detec- 
tion optical system, on the basis of a difference 
between the first and second distance informa- 
tion. 



4. An apparatus according to Claim 3, wherein ~ -'-i 
holding means having a recording member 
vided in a portion differentfrom a portion on w<wh 
the substrate is held, and wherein an image of an 
5 alignment pattern of the original is projected and 

recorded on said recording member by said pro- 
jection tens system and with the sensitizing 
beam, by which the reference pattern is formed 
on said holding means. 
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5. An apparatus according to Claim 4, wherein said 
recording member includes one of a magneto- 
optical recording material and a photochromic 
material. 
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6. An apparatus according to Claim 3, wherein said 
holding means having a mark formed in a portion 
different from a portion on which the substrate is 
held, and wherein the mark formed on said hold- 

20 ing means serves as the reference pattern. 

7. An apparatus according to Claim 3, wherein an 
image of an alignment pattern of the original is 
projected and recorded on the photosensitive lay- 

25 er of the substrate through said projection lens 

system and with the sensitizing beam, by which 
the reference pattern is formed on said holding 
means. 

30 8. An apparatus according to Claim 7, where : n the 
photosensitive layer of the substrate includes one 
of a magneto-optical recording material and a 
photochromic material. 

35 9. An apparatus according to Claim 7, wherein the 
photosensitive layer of the substrate includes a 
resist. 

10. An apparatus according to Claim 3, wherein said 
40 first and second detection optical systems include 

first and second image pickup means for taking 
images of the mark and the reference pattern, and 
wherein the first and second information are pro- 
duced by using the images of the mark and the 
45 reference pattern formed through said first and 

second detection optical systems, respectively. 

11. A projection exposure apparatus, comprising: 

holding means for holding a substrate hav- 
50 ing a photosensitive layer; 

a projection lens system for projecting an 
image of a pattern of an original on the substrate 
with a sensitizing beam to record the pattern on 
the photosensitive layer; 
55 driving means for moving said holding 

means along an image plane of said projection 
lens system, 

measuring means for measuring the 
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amount of movement of said holding means along 
the image plane; 

a first detection optical system for detect- 
ing a mark of the substrate and the pattern record- 
ed on the photosensitive layer, through said pro- 
jection lens system and with a first non-sensitiz- 
ing beam; 

a second detection optical system for de- 
tecting the mark of the substrate and the pattern 
recorded on the photosensitive layer, without said 
projection lens system and with a second non- 
sensitizing beam having a bandwidth broader 
than that of the first non-sensitizing beam; and 

control means for controlling the position 
of said holding means by using said measuring 
means and said driving means to allow detection 
of the mark of the substrate and the pattern re- 
corded on the photosensitive layer, through said 
first and second detection optical systems, 
wherein said control means produces first dis- 
tance information representing the positional re- 
lationship between the mark of the substrate and 
the pattern recorded on the photosensitive layer, 
by using said first detection optical system, 
wherein said control means produces second dis- 
tance information representing the positional re- 
lationship between the mark of the substrate and 
the pattern recorded on the photosensitive layer, 
by using said second detection optical system, 
and wherein said control means determines an 
error in the detection of the position of the mark 
of the substrate through said first detection optical 
system, on the basis of a difference between the 
first and second distance information. 

1 2. An apparatus according to Claim 1 1 , wherein said 
first and second detection optical systems include 
first and second image pickup means for taking 
images of the mark of the substrate and the pat- 
tern recorded on the photosensitive layer, and 
wherein the first and second information are pro- 
duced by using the images of the mark and the 
pattern recorded on the photosensitive layer, 
formed through said first and second detection 
optical systems, respectively. 

13. In a semiconductor device manufacturing method 
wherein the position of a mark of a wafer is detect- 
ed through a projection lens system and , after ad- 
justment of the wafer with respect to a mask, an 
image of a circuit pattern of the mask is projected 
and printed on the wafer through the projection 
lens system and with a sensitizing beam, the im- 
provements residing in the steps of: 

detecting the mark through the projection 
lens system with a first non-sensitizing beam, 
whereby information related to the position of the 
mark is produced; and 
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correcting the produced information with 
an offset value to determine the position of the 
mark, wherein the offset value is determined by 
using first information related to the position of the 
mark and produced by detecting a mark of a par- 
ticular wafer through the projection lens system 
and with the first non-sensitizing beam and sec- 
ond information produced by detecting -the mark 
of the particular wafer without the projection lens 
system and with a second non-sensitizing beam 
having a bandwidth broader than that of the first 
non-sensitizing beam. 



13 



EP 0 509 797 A2 



14 



ILLUMINATION 
SYSTEM 



100- 



DETECTION 
OPTICAL SYSTEM 



100- 



18 

h 



15 17^1 



DETECTION 
OPTICAL SYSTEM 




14 18 22 



CONTROL 



100 



DRIVE 



LASER 

INTERFEROMETER 
"60 



21 22 

U- 



100 



3 \ / | SYS 

A B ~ 



DETECTION 
OPTICAL 
SY STEM 

~20 V 



C 

-6 



19 



0- 
Y 



F I G. I 



14 



EP 0 509 797 A2 





23 



10 



50 




FIG. 2C 



FIG. 2D 




12- 

5 A 



^—-16 20 



>M> ir 



B 



10 



23 



-50 



FIG. 2E 



15 




FIG. 3C 



FIG. 3D 



309 




310 



F I G. 3E 



16 



f 



EP 0 509 797 A2 




F I G. 4 



17 



